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Plate Fin Type Heat Exchanger
For the aircraft environment control system, the heating and cooling of the air is carried out through the heat exchanger. Therefore, the performance of the heat exchanger for the environmental control system has a great impact on the efficiency. Environmental control system uses many types of heat exchangers, most of them belong to the wall heat exchanger, which is more application of plate fin air -air heat exchanger.
Plate-fin heat exchanger is made up of the core, head, connecting pipe and support. The core is the core of the heat exchanger. The core is made up of a single or multiple plate bundles that are stacked in the form of different flows of fluid. The board bundle is composed of fins and seals. The fins and seals are placed between adjacent two partitions to form an interlayer, which forms the channel; the assembly is arranged in a certain way by a number of channels, that is, the plate bundle. The fins are the basic elements of the plate-fin heat exchanger. The heat transfer process is mainly done by convective heat transfer between fins and fins. Fins can expand the heat transfer area, improve the heat transfer efficiency. Plate-fin heat exchanger has strong adaptability and high heat transfer efficiency. But it has a complex production process.
Entropy Parameter Matching Method
The air contains water vapor. After passing through the heat exchanger, due to temperature changes, water vapor will occur phase change. It has a certain impact to the heat exchanger efficiency, and heat process becomes more complex. Therefore, it is usually necessary to model the wet heat exchanger and the dry heat exchanger separately, increasing the difficulty of calculating the heat exchanger.
For wet air, the thermodynamic properties can be characterized by enthalpy. The enthalpy of the wet air is calculated as:
Equation (1) shows that the enthalpy and temperature of wet air are related to humidity. In many cases, the enthalpy has been used instead of the temperature as the state parameter to calculate the heat exchanger under the wet air condition [1] . For dry heat exchangers, it is also possible to use enthalpy instead of temperature as the state parameter. The heat exchange capacity of the heat exchanger can be expressed by the difference in inlet and outlet enthalpy of the heat exchanger. The efficiency of the heat exchanger can usually be expressed as:
When the heat capacity of the cold fluid is small, the heat exchanger efficiency is expressed by the equation (2), ie, the temperature difference between the cold fluid heating and the inlet temperature of the upper two fluids. When the heat capacity of the hot fluid is small, the heat exchanger efficiency is expressed by the equation (3), ie, the difference between the heat fluid cooling and the inlet temperature of the upper two fluids. The enthalpy efficiency can be calculated by replacing the temperature with the enthalpy of the inlet and outlet, and calculating the enthalpy efficiency instead of the temperature. In this case, it avoids the repetition of modeling in the calculation of dry heat exchangers and hot and humid heat exchangers, greatly reducing the computational effort.
Wet Heat Exchanger Modeling Simplified Heat Exchanger Model
Using the idea of lumped parameter method, the following assumptions can be made for the heat exchanger:
(1) Ignores the heat transfer wall resistance and wall surface heat conduction, and assume that the heat exchanger wall of the shell is adiabatic.
(2) Regards the gas inside the channel as a one-dimensional flow, ignoring the gas axial heat conduction.
(3) Ignores the heat and cold side gas heat capacity.
(4)The wall temperature is only a one-time function of time, independent of spatial coordinates.
Choose the heat unit for analysis:
Since the z-direction parameter does not change, the problem can be simplified to consider only the plane problem of the micro-element (dx, dy). The enthalpy parameter matching method is used to calculate the enthalpy as the state parameter instead of the temperature. On the hot side:
On the cold side:
On the wall:
where ‫ܮ‬ is the length of the hot side core, ‫ܮ‬ is the length of the core, ݉ሶ is the mass flow rate of the hot side, ݉ሶ is the mass flow rate of the cold side, ‫ܪ‬ is the enthalpy of the hot side, ‫ܪ‬ is the enthalpy of the cold side, η is the heat exchanger cooling side fin efficiency, η is the heat exchanger cooling side fin efficiency, ݄ is the thermal side heat transfer coefficient, ݄ is the cold side heat transfer coefficient; A is the thermal side heat transfer area, A is the cold side heat transfer area.
Calculation of Convective Heat Transfer Coefficient and Surface Efficiency of Heat Exchanger
The heat transfer surface can be divided into a continuous flow channel surface and a channel surface with frequent intermittent boundary layers. On the surface of a continuous runner, the velocity and temperature distributions on the cross section are fully developed. On the latter surface, the flow is in development at each boundary layer. The well-developed flow and the flow and resistance characteristics of the flowing flow are usually significantly different, and different empirical relationships need to be used to solve the calculation.
The convective heat transfer coefficient for plate-fin heat exchangers of triangular or rectangular fins can be solved using the empirical formula proposed by Reid:
where Re is the Reynolds number, Nu is the Nusselt number, f is the Fanning factor, and follows the following relation: 
where λ is the air thermal conductivity, µ is the aerodynamic viscosity, g is the mass flow rate, and‫ܣ‬ is the air circulation area.
Heat transfer efficiency is related to fin parameters m, when the use of straight triangular fins, the fin parameters for the formula:
Heat exchanger fin efficiency:
The total surface efficiency of the heat exchanger is:
where ‫ܣ‬ is the fin heat transfer area.
The Establishment of Heat Exchanger Model
Using the lumped parameter method to solve:
Taking into the equation (4) - (6) to solve
On the hot side:
On the wall :
where subscript i and o represent fluid inlet and outlet, The mean enthalpy ‫ܪ‬ തതതത of the hot side fluid and the mean enthalpy ‫ܪ‬ തതത of the cold side fluid are obtained from (21) and (22).
Accuracy Analysis of Heat Exchanger Modeling
In order to verify the accuracy of the method used to model the heat exchanger, the results of the modeling can be compared with the experimental data for analysis. The fin type, size parameter and the cold side inlet parameters, the hot side inlet and outlet parameters of the heat exchanger are set according to the reference [2] in order to compare with the experimental results.
Based on known conditions:
The temperature of the cooling edge is assumed and the heat exchanger efficiency is calculated by using the enthalpy instead of the temperature. The heat transfer element method (NTU) is used for iterative calculation.
The results are shown in the following 
Conclusion
Calculations for heat exchangers are often difficult to account for both precision and computational simplicity. Enthalpy parameter matching method has high accuracy in calculation, and takes into account the wet air and dry air conditions without repeating the modeling. It has a certain reference value in engineering practice.
